Abstract Many mammal species can distinguish between opposite-sex conspecifics that differ in a certain trait. In that coat coloration is associated with differences in physiological and behavioral traits, coat color may affect the attractiveness of odor cues produced by conspecifics. Individuals may be able to respond preferentially to conspecifics with a particular coat color. In the present study, we test the hypothesis that scent marks of brown and blond voles differ in their attractiveness to male and female conspecifics. Male voles and brown females did not discriminate between blond-and brown-coated opposite-sex conspecifics suggesting that they are neither selecting potential mates dissociatively nor associatively. However, blond females behaved as if the scent marks of blond males were more attractive than were the scent marks of brown males. Our data suggest that blond females who are already conspicuous to predators, may select blond males as mates because they do not appreciably increase the risk of detection to predators, particularly avian predators. Moreover, because these conspicuous males have survived to mate they may have good genes that reflect their relatively higher quality [Current Zoology 58 (2) Animals respond differently to the information contained in signals of particular opposite-sex conspecifics, which may affect their mate choice, behavior, and fitness. Many rodents use the information conveyed in their scent marks to attract potential mates (Brown and Macdonald, 1985; Johnston, 2003; Ferkin, in press ). Individuals can then use these scent marks in mate choice. For example, meadow voles Microtus pennsylvanicus spend more time investigating the scent marks of opposite-sex conspecifics, with whom they have had amicable interactions (Ferkin and Seamon, 1987) .
been reported for other animals such as the Dunlin Calidris alpina schinzii and in a Tanganyikan cichlid fish Perissodus microlepis (Jönsson, 1987; Takahashi and Hori, 2008) . If voles spend similar amounts of time investigating the scent marks of brown and blond conspecifics it may suggest that pelage color is not involved in the selection of potential mates.
Materials and methods

Animals
We used meadow voles that were descendants of individuals captured in Pennsylvania, Kentucky, and Ohio, USA.
Every 18-24 months, the voles in the colony were mated with captured free-living voles. In this study, meadow voles were born and raised under a long photoperiod (14: 10 h, L: D, lights on at 07: 00h CST). All voles were weaned between 19-21 days of age, housed with littermates until 33-36 days of age, and thereafter housed singly in clear plastic cages (18 x 12.5 x 10 cm). Cages contained cotton nesting material, water, and food (Harlan Teklad Rodent Diet, #8640, Madison, WI, USA). Female meadow voles are induced ovulators and do not undergo regular estrus cycles (Milligan, 1982; Keller, 1985) . Adult female voles born and reared in long photoperiod are sexually receptive (Meek and Lee, 1993) and respond preferentially to the scent marks of opposite-sex conspecifics (Ferkin and Johnston, 1995a, b) . Voles used in this study were 5-9 mo-old, sexually mature, and sexually experienced, having previously sired or delivered litter. All testing was carried out between 09: 00 and 12: 00 h CST.
Treatment groups
In our colony, the gene frequency for the blond coat is not known. However, pairings of brown parents and blond parents and pairings of brown parents have given birth to litters containing brown and blond offspring; we do not have any records of pairing between blond parents. In our pairings, all litters containing at least three young have not contained only blond offspring. Subjects and scent donors were blond voles and brown voles. Subjects and scent donors were opposite-sex conspecifics. Subjects underwent a single preference test in which they were allowed to investigate one of the following scent donor pairings: 1) the scent mark of a brown vole and the scent mark of a blond vole; 2) the scent mark of a brown vole and the scent mark of another brown vole; 3) the scent mark of a blond vole and the scent mark of another blond vole. There were 12 different male and 12 different female subjects tested in each pairing.
Subjects were used in a single test. Each subject was exposed to a unique pair of scent donors. The scent donors and subjects were not close relatives (not siblings, parent and offspring, or first cousins) and were unfamiliar with one another prior to testing.
Procedure
The trials took place in the home cage of the subject (27 x 16.5 x 12.5 cm). We followed the methods for measuring the amount of time voles investigated the scent marks of conspecifics employed by Ferkin and Johnston (1995a) and Pierce et al. (2005) . Briefly, we presented voles with a glass slide (2.5 x 7.6 cm) that contained fecal scent marks of two opposite-sex conspecifics. Feces are sexually discriminable, and are deposited by voles when they scent mark (Ferkin and Johnston, 1995b; Hobbs and Ferkin, in press a) . We divided the glass slide into three equal sections (each 2.5 cm in length); one end section contained the feces scent mark of a particular opposite-sex scent donor, and the other end section contained the feces scent mark of another oppositesex scent donor. The middle section of the slide contained no scent marks. To deposit the scent marks on the slide, we rubbed a fecal bolus from one scent donor (e.g., blond vole) for 5 seconds across the left-end section of a clean glass microscope slide and a fecal bolus from the other scent donor (e.g., brown vole) across the right-end section of the same slide. One min separated the deposition of the scent marks of the two donors on the slide. The placement of a particular donor's scent mark on the left or right side of the slide was alternated and counter balanced. The scent marks were roughly the same size, approximately 1.2 cm x 0.3 cm (l x w). After both scent marks were placed on the slide, we waited 5 min before we suspended the slide in the home cage of the subject.
We used the Stopwatch+ program was used to record time (http://www.cbn-atl.org/research/stopwatch.shtml).
During the 5 min test, we directly recorded the amount of time that male and female subjects licked or sniffed (the subject's nose came within 1 cm) each scent mark on the slide (Ferkin and Johnston, 1995a, b) . The observer was blind to the position of the donors' scent marks on the slide. The observer could not be observed by the voles.
Each test slide was used once and then discarded.
Statistics
The data were not normally distributed. Thus, we used Wilcoxon Signed Ranks tests to assess statistical differences in the amount of time that subjects investigated the scent marks of the two scent donors in each of our pairings (SPSS Version 16). Significant differences were accepted at P < 0.05. To be included in the data analysis, subjects had to have investigated the scent marks of both donors and spent more time investigating the scent marks of the two donors than they did investigating the clean portion of the slide (Ferkin and Johnston, 1995a; Pierce et al., 2005) . No subjects were excluded from the data analysis.
Results
Brown females spent similar amounts of time investigating the scent mark of a brown male and that of a blond male (z = -1.511, df = 11, P = 0.131), the scent mark of two different brown males (z = -0.178, df =11, P = 0.859), and the scent mark of a two different blond males (z = -0.445, df = 11, P = 0.657; Fig. 1a) . Blond females spent similar amounts of time investigating the scent marks of two different brown males (z = -0.157, df =11, P = 0.875) and those of two different blond males (z = -0.628, df = 11, P = 0.530; Fig. 1b) . In contrast, blond females spent more time investigating the scent mark of blond male than that of a brown male (z = -2.119, df =11, P = 0.034; Fig. 1b) .
Brown males spent similar amounts of time investigating the scent mark of a brown female and that of a blond female (z = -0.078, df = 11, P = 0.937), the scent marks of two different brown females (z = -0.157, df = 11, P = 0.875), and the scent marks of two different blond females (z = -1.379, df = 11, P = 0.168; Fig. 2a) . Likewise, blond males spent similar amounts of time investigating the scent mark of a brown female and that of a blond female (z = 0.000, df = 11, P = 1.000), the scent mark of two different brown females (z = -0.432, df = 11, P = 0.666), and the scent marks of two different blond females (z = 0.000, df = 11, P = 1.000; Fig. 2b ).
Discussion
In this study, we determined whether meadow voles can detect differences in the attractiveness of the fecal marks of opposite-sex conspecifics that differed in their coat colors. We found that blond female voles behaved as if the scent marks of blond males were more attractive than were the scent marks of brown males. This suggested that blond males would likely be the preferred mate, and that blond female voles may be mating associatively with blond male voles (i.e., Cooke et al., 1976; Ward, 1983; Jawor et al., 2003) . Blond males produce larger litters and are more likely to mate guard than do brown males (Storey et al., 1995) . It is possible that blond females gain this benefit from mating with blond males, especially under conditions that are favorable, such as abundant forage (Batzli, 1985) and low predation pressure by raptors (Pearson, 1985) . Voles may be found burrowing or above ground in grasses and sedges (Getz, 1985) .
Since avian predators are more likely to notice blond voles against a greenish brown substrate rather than their brown coat counterparts, when they are moving around at ground level, blond voles would be vulnerable anytime that they as visible to predators.
In contrast, brown male voles, blond male voles, and brown female voles did not behave as if they could discriminate between the fecal scent marks of brown and blond opposite-sex conspecifics. Thus, these results are not consistent with the prediction that brown male and female voles would respond preferentially to the scent marks of the like-colored, more frequently encountered brown colored individuals (Gaines, 1985; Curtis, 2002) . The results showed that brown male and female voles behave as if the fecal scent marks of brown and blond opposite-sex conspecifics are similar in their attractiveness. This suggested that brown male and female voles would find both brown and blond opposite-sex conspecifics as suitable potential mates. By not having a preference for females with a brown or blond coat, males may increase their fitness by not limiting the pool of potential mates (Trivers, 1972; Birkhead, 2000) . Similarly, brown female voles may increase their mating opportunities and mate multiply by accepting brown and blond males as mates (Boonstra et al., 1993; Berteaux et al., 1999) . Brown females may also increase the likelihood of sperm competition (delBarco-Trillo and Ferkin, 2004; Vaughn et al., 2008) .
It is not clear, however, why brown females did not show a preference for the scent marks of blond or brown males when blonde females did show a preference. At the level of mechanism, blond females may be able to detect differences in the scent marks of brown and blond males, which cannot be detected by brown females, which indicates physiological differences between blond and brown males that may affect their quality as sires. Non-agouti deer mice were found to have larger testis mass and higher thyroxine levels than agouti males (Hayssen, 2001; Lapseritis and Haysssen, 2001) . A larger testis mass would indicate that non-agouti males have higher testosterone titers than agouti males (Hayssen, 2001) ; the former males may be preferred by females and have a higher mating and reproductive success that do the latter males. Information about the testosterone titers of males are conveyed by their scent marks and females prefer the scent marks of males with higher testosterone titers (Ferkin et al., 1994) . In addition, stressed agouti males were found to have a greater corticosteroid concentration in their feces as compared to non-agouti, while the nonagouti had increased feces output and a greater production of corticosteroid (Hayssen et al., 2002) . Functionally, blond females may gain fitness benefits associated with mate guarding by responding preferentially to the scent marks of blond males (see Storey et al., 1995) ; however, it is difficult to imagine why brown females would not prefer blond males as mates if they can get a fitness benefit too. Perhaps, a blond coat may be conspicuous to visual predators, such as raptors, and increase a rodent's risk of being detected and captured by a certain predators (Brown, 1965; Kaufman, 1974a, b) . Presumably blond females are already conspicuous to predators. Thus, by selecting a blond male as a mate, blond females may not appreciably increase the risk of detection to predators. In contrast, a brown female may balance the tradeoff of mating with a blond male and his mate guarding with the cost of his being conspicuousness to predators (Kaufman and Wagner, 1973; Endler, 1980 Endler, , 1983 Storey et al., 1995) . This is may be relevant to meadow voles, a species that suffers from high rates of predation, particularly on males (Pearson, 1985) . Perhaps, a blond male represents an individual that is of high quality because he has survived to reproduce despite the increased likelihood that he would be more conspicuous to predators (Zahavi, 1975; Kodric-Brown and Brown, 1984; Moller and Alatolo, 1999) .
Alternatively, blond males may no longer be favored by blond females and avoided by brown females when predation pressure is relatively high.
Although we did not measure the gene frequency of blond coat color in voles, the type of dominance of the gene(s) involved in coat color may play a role in the fact that blond but not brown female voles could discriminate between and respond preferentially to the scent marks of blond males over those of brown males. If we assume that the gene variant coding for the brown coat is dominant and that the gene variant for blond coat is recessive (Storey et al., 1995; Curtis, 2002) and that coat color is an indicator of mate quality (Storey et al., 1995; Lapseritis and Haysssen, 2001; Hayssen et al., 2002) . Then, in theory, if blond females mate with blond males, they would obtain offspring that are 100% blond; these blond sons are better in mate guarding and produce larger litters than do brown males (Storey et al., 1995) . In contrast, if brown females mate with blond males they would have a progeny composed of 0 or 50% blond offspring, depending whether the female is homozygote or heterozygote for the dominant allele. The potential benefits for the brown females would be much reduced as compared to the blond female. If so, this speculation would suggest an interaction exists between the genomes of the prospective mates (Mays and Hill, 2004) . 
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